We have isolated reactive clones from a 2gtll expression library of human cytomegalovirus (HCMV) DNA using HCMV-positive human sera. Among the recombinant clones obtained, one carried a fragment encoding a portion of p52, the major non-structural DNA-binding protein of 52K (p52) and another carried a part of the gene coding for p150, the major structural phosphoprotein. These two fusion proteins were examined by immunoblot analysis to test their ability to bind specific antibodies in human sera. The results showed that high titres of antibody to the DNAbinding protein are present in sera of patients undergoing acute HCMV infection, whereas high titres of antibodies to the structural phosphoprotein are widespread in the healthy HCMV-seropositive population. The use of these fusion proteins as antigens for differential screening of serum as a way of detecting recent HCMV infection is discussed.
Interest in the pathogenicity of human cytomegalovirus (HCMV) mainly derives from its association with congenital defects and severe infections in immunosuppressed individuals such as transplant patients (for review see Ho, 1982) and AIDS patients (for review see Quinnan et al., 1984) . Furthermore, HCMV-seropositive blood can transmit HCMV to transfusion recipients. In both of these settings there has been a need for a rapid and sensitive method to detect an ongoing acute infection. The traditional means of diagnosing HCMV infection has been virus isolation in human fibroblast cell cultures; this is a sensitive method but inconvenient and time consuming. Alternative procedures using antibody (Ab) reagents or genomic probes are inappropriate for the rapid screening of blood donors for evidence of recent acute infection.
One of the problems hampering HCMV serology has been the lack of antigens of known and standardized composition. Individual HCMV proteins expressed via recombinant DNA techniques are a promising approach to solve this problem. In this work a 2gtl 1 HCMV DNA library (Mocarski et al., 1985) was screened with a pool of human sera with high Ab titres to HCMV. Positive plaques were identified, purified to homogeneity and studied. Two recombinant Escherichia coli proteins, one containing part of a major HCMV structural phosphoprotein (p 150) and the other part of a major non-structural protein (p52), were used to detect Ab in human sera and proved useful in distinguishing between acute and inactive HCMV infection.
Human embryo fibroblasts were grown as described by Landini et al. (1985) and the Towne strain of HCMV purified as previously described (Landini & Ripalti, 1982) was used in all the experiments.
A 2gtl 1 library of randomly generated 400 to 500 bp HCMV DNA fragments inserted into the EcoRI site of the lacZ gene (Mocarski et al., 1985) was used. In this library the translational 0000-8558 O 1989 SGM products of inserted open reading frames are expected to be part of a fl-galactosidase fusion protein. The amplified library was grown in E. coli RYI090, fusion proteins were induced by isopropyl fl-D-thiogalactopyranoside (IPTG) and the immune reaction with sera was performed as described by Mocarski et al. (1985) . The pool of human sera used was composed of three sera with high HCMV titres from renal transplant recipients.
Approximately 100000 plaques of the 2gtl 1 HCMV DNA library were screened, and among positive plaques studied two (DI and G2) were considered of particular interest. In lysates of E. coli cells infected with DI and G2 two abundant proteins of 127K and 140K respectively were detected. These fusion proteins were clearly visible after Coomassie Brilliant Blue staining and were recognized in Western blots by Ab present in the pool of human sera used for primary screening (data not shown).
To identify the region of the HCMV genome present in the recombinant phage, the HCMV DNA inserts were used to screen restriction digests of an HCMV genomic library cloned in plasmid pACYC 184 (Thomsen & Stinski, 1981) . The DNA insert from the recombinant phage G2 hybridized to the XbaI L fragment, while the DNA insert from phage D 1 hybridized with the XbaI AO, BamHI A, HindllI H and EcoRI c and Y fragments (0-162 to 0-174 map units) (data not shown). The location of the recognized regions is shown on the genomic map in Fig. l (a) .
Fusion proteins of each clone were used to affinity purify the corresponding specific Ab from human sera (see legend to Fig. 1 b) and purified Ab were then used to identify the corresponding viral polypeptides by Western blot analysis of polypeptides from HCMV-infected cells, uninfected cells and purified virus. For this purpose proteins present in HCMV-infected cells (7 days after infection with 0.5 p.f.u./cell), mock-infected cells and purified virus lysates prepared as described by Ripalti et al. (1988) , were denatured in the presence of SDS and 2mercaptoethanol and separated by SDS-PAGE. Gels were 9 or 6~ acrylamide cross-linked with 0.24~ N,N'-methylenebisacrylamide. Standard proteins of known Mr (Bio-Rad) were run on the same gel. Separated polypeptides were electro-transferred to nitrocellulose sheets as described by Burnette (1981) and Braun et al. (1983) , and the immune reaction was performed as described by Landini et al. (1985) . As shown in Fig. 1 (b) , Ab eluted from D1 filters recognized a band of approximately 150K present both in infected cells and in purified virus. This protein comigrates with the major structural antigen recognized by human sera. Ab eluted from G2 filters recognized a protein of 52K present only in infected cell extract. The 52K protein comigrated with the major non-structural antigen and was strongly recognized by human sera in infected cell extracts. Some reactivity was also evident for a 38K polypeptide. No reactivity was found with mock-infected cell polypeptides. Furthermore, G2 fusion protein reacted with CH 16 monoclonal Ab (kindly made available by L. Pereira) which reacts with the 52K non-structural, DNA-binding protein (Pereira et al., 1984; Geballe et al., 1986; Mocarski et al., 1985) , and the D1 fusion protein reached with a rabbit antiserum (obtained through the courtesy of G. Jahn) specific for the basic phosphoprotein ppl50 (Jahn et al., 1987;  data not shown).
The two fusion proteins were then tested for their ability to bind Ab present in human sera. Fusion proteins were run together in a preparative 6~ acrylamide gel and electroblotted onto nitrocellulose paper. The two groups of human sera used were, first, 12 sera with a high level of HCMV-specific IgM and therefore considered as probably undergoing an acute HCMV infection, and secondly, 13 sera with high IgG titres but negative for HCMV-specific IgM presumably representing convalescent subjects. Two HCMV-negative sera were also used as a control. All the sera were from kidney transplant recipients. Determination of anti-HCMV IgG and IgM titres was done by EIA as previously described (Landini et al., 1985) . The sera were tested at both 1 : 100 and 1 : 1000 dilutions.
The results obtained with sera diluted l : 1000 (Fig. 2) show that although the fusion protein carrying part of the non-structural protein p52 is preferentially detected by Ab present in sera from patients with acute HCMV infection, fusion protein containing part of the structural protein p150 is preferentially recognized by Ab present in sera from presumably convalescent subjects. These results suggest that Ab titres to p52 are higher than those to p150 in sera from patients undergoing an acute HCMV infection and that the reverse is true of Ab titres of sera from long-term seropositive subjects. Under these experimental conditions, no reactivity was observed with fl-galactosidase induced in E. coli by 2gtll (data not shown Fig. 2a ) and the hatched area indicates the fragments recognized by the D1 DNA insert. DNA from immunoreactive phages was prepared following standard techniques and genetic analysis was carried out on these probes using an HCMV genomic library constructed as XbaI fragments cloned in plasmid pACYC184. (b) Identification of HCMV epitopes present in fusion proteins. The HCMV polypeptide present in the fusion protein was identified by means of an improved method for affinity purification of Ab using antigens immobilized on nitrocellulose blots (Smith & Fisher, 1984) . Briefly, nitrocellulose filters with bound plaques of recombinant phage were treated with IPTG to induce fusion proteins and then used for affinity purification of the specific Abs. Human sera were incubated with the filters overnight to allow specific binding of Ab. After extensive washing, Ab were eluted with 0.2 M-glycine-HCl pH 2.5, neutralized with 1 M-potassium phosphate pH 9,0 and immediately used as probes on nitrocellulose blots with separated polypeptides from lysates of mock-infected cells (UI), infected cells (IF) and purified virus (V). The immune reaction was performed and developed as described (Landini et al., 1985) . with recombinant phage, at a multiplicity of 2.5, for 20 min at room temperature. The cell suspension was then diluted into 3 ml of LB medium and incubated with shaking at 36 ° C until an optical density (600 nm) of 0-2 was reached (approx. 1 h). Synthesis of the fusion protein was then induced by the addition of IPTG (10 mM) and the temperature was shifted to 44°C for 15 min. After an additional 2 h at 36°C the cells were collected, solubilized in SDS-gel sample buffer, run on a 6% acrylamide gel and then electro-transferred to nitrocellulose. Sera were diluted 1:1000 and the immune reaction was performed as previously described (Landini et al., 1985) .
dilution all the sera gave positive reaction with both recombinant proteins while two HCMVnegative sera did not show any reactivity (data not shown).
In conclusion, we have identified two 2gtl 1 recombinant clones carrying HCMV epitopes strongly reactive with high titre human sera. These epitopes are carried on p52 (G2) a previously described non-structural protein (Gibson, 1983; Mocarski et al., 1985; Geballe et al., 1986) , and on p150 (DI) which represents the major antigenic virion protein (Landini et al., 1985 (Landini et al., , 1986 . Our use of D1 and G2 fusion proteins in immunoblotting assays to study their ability to bind specific Ab present in human sera indicates that high Ab titres to p150 are widespread in seropositive sera as already established (Landini et al., 1985 (Landini et al., , 1986 Jahn et al., 1987; Scholl et al., 1988) while high Ab titres to p52 are preferentially present in sera from patients undergoing active HCMV infection. The use of fusion proteins containing part of the major structural protein p150 (Scholl et al., 1988) as well as fusion proteins containing part of another HCMV structural protein (p28) (Meyer et al., 1988) has been recently proposed for the detection of HCMV Ab in serological assays. In these studies, however, no correlation was attempted between antibody response to fusion proteins and active or past HCMV infection in patients. In light of the evidence presented in this paper that the antibody response to structural p 150 protein and non-structural p52 protein is different in acute and past infections, we propose the simultaneous use of fusion proteins containing antigenic determinants of these two proteins as a serological tool for the differential diagnosis of HCMV acute or past infection.
